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© Ink-jet recording medium and ink-Jet recording method making use of it. 

© An ink-jet recording medium comprises a substrate and a pigment layer. The pigment layer comprises an 
upper layer and lower layer. The upper layer contains as a major pigment an aluminum oxide having a specific 
surface area ranging from 90 m 2 /g to 170 m 2 /g. The lower layer contains as a major pigment an aluminum oxide 
having a specific surface area smaller than the aluminum oxide in the upper layer, an inorganic pigment selected 
from a carbonate or silicate of calcium, a carbonate or silicate of magnesium, a silicate of aluminum and 
hydrotalcite having a specific surface area of not more than 150 m 2 /g, or a basic magnesium carbonate having a 
specific surface area of not more than 150 m 2 /g. 
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The present invention «„ ^ relates „ ,„ ,„ Ne , reeord|ng l lhod m ' ak . ng of such b m<dium 
Related Background Art 

Hitherto known sorting mediums used for ink-ia recording include 

componanlconlainedinlnkVdLtf.rt in 2° ""option and ,s capable of adsorbing a coloring 

Meanwhile, in „ inkT.t reco«"o ^aerr. S *T * PP " 0 " ,,0n Uid - 0pe " *• 56 -" 858 5- 

^solution, mere is a demand ^a paSad " f ™ 9 * Wllh * ""^ «« » ^ 

methods of improving rJZZ £ S"o T* 9 '' fH"^ Because <* su * * *">«<■ 

arekno™ ,n the „ ,,e. for .ampleX^. £ 

"^^iTSco^'b'S^ < ' U H eS ! IOned ' S S Ph " , °™"°" c ""» d "»» present in 
occur ,, the ^ °* wZ%^™Mm TZ\Z T """*°" t "° M - ™ s d » s « 

of fading that m„ arise also In ™°pict 11 ISTf*' 0 *? K *"* 5 " n " 9B *' ,hls is a <"<*»» 
ajid recording mediums 22%£ Z£f£%Z£Z "° ^ 

When such a pigment is used hovSwTSo «■ . exemplified by calcium carbonate or kaolin, 

surface area, so Vt Vmnl On££2J^% J" ?* ? 3 ^ b6CaUSe ° f itS Smal > s P ecific 
quality. On the other hand, in the cK 2 £l ■? "* b * imageS with a hi 9 h *W 

silica with a large specific surface ^area TS« £T„ mS ^ av,n 9 ' - a i' a y er comprised of highly active 
impossible to inhibit indoo! ^cotor changes' P ° SS ' b,e * ° Wa,n ima9SS With a hi 9" but 

a-umt^^ d t iSC,0Ses a «"»*«, medium containing an 

certain extent, but still has ^^^1^' ^ t0 md °° r C °'° r Changes can be 'mprovedto a 

* from . coat ,a ye , either 

Japanese Patent Application Laid-open No 1-108083 rikrV^Ic ! 
ink-receiving layers, wherein aluminum oxide is used t^lf f arecord,n 9 medium comprising dual 
be improved. There, however TSaton on T 'T T S f™ ^ S ° that ima 9 e densitv can 
inhibition of indoor color changed sotox L L^u, f ,? tekin 9 account ° f the 

Namely, in corwentto^teS^eT^ aS^^t '"l 9 ,ma96S h3S bee " unsa «sfactory. 
brings about indoor c6^SJS^^tS^Z andt ZZ^^ ^ ' evel h * her 

in a .owenng of image density. Ue -.ic^ 

SUMMARY OF THE INVENTION 

According*, an object of the present invention is to provide a recording medium capable of simul- 
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taniously settling the conflicting subjects of giving images with high density and high quality level and giving 
images with very slight indoor color changes, which could not have been settled by the prior art; and to 
provide an ink-jet recording method making use of such a recording medium. 
The above objects can be achieved by the present invention described below. 

s The present invention provides an ink-jet recording medium comprising a substrate and a pigment layer 
provided on the substrate, wherein said pigment layer comprises i) an upper layer containing as a major 
pigment an aluminum oxide and ii) a lower layer containing as a major pigment an aluminum oxide having a 
smaller specific surface area than the aluminum oxide in the upper layer. 

In another embodiment, the present invention provides an ink-jet recording medium comprising a 

w substrate and a pigment layer provided on the substrate, wherein said pigment layer comprises i) an upper 
layer containing as a major pigment an aluminum oxide having a specific surface area ranging from 90 m 2 /g 
to 170 m 2 /g and ii) a lower layer containing as a major pigment an inorganic pigment having a specific 
surface area of not more than 150 m 2 /g, selected from the following Group A. Group A: a carbonate or 
silicate of calcium, a carbonate or silicate of magnesium, a silicate of aluminum and hydrotalcite. 

75 In still another embodiment, the present invention provides an ink-jet recording medium comprising a 
substrate and a pigment layer provided on the substrate, wherein said pigment layer comprises i) an upper 
fayer containing as a major pigment an aluminum oxide having a specific surface area ranging from 90 m 2 /g 
to 170 m 2 /g and ii) a lower layer containing as a major pigment a basic magnesium carbonate having a 
specific surface area of not more than 150 m 2 /g. 

20 The present invention also provides an ink-jet recording method comprising forming an image by 
imparting ink droplets to any one of the above recording mediums. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 In the present invention, it has been discovered that a high image density can be obtained and also 
indoor color changes can be well inhibited when a pigment with a smaller specific surface area is used in 
the lower layer and an aluminum oxide (an oxide of aluminum) with a larger specific surface area is used in 
the upper layer. 

More specifically, the lower layer contains as a major pigment a pigment having a relatively small 
30 specific surface area and the upper layer contains as a major pigment a pigment having a relatively large 
specific surface area, where the former complements the latter in respect of the inhibition of indoor color 
changes and the latter complements the former in respect of the improvement of image density. 
The present invention will be described below in greater detail by giving preferred embodiments. 
The ink-jet recording medium of the present invention is comprised of a substrate and two or more 
35 pigment layers formed thereon. 

The substrate that can be used may include commonly used hard-sized paper, soft-sized paper having 
ink absorption properties, neutralized paper and polyethylene terephthaiate film. In particular, it is preferred 
to use neutralized paper as the substrate. The following description concerns an instance in which the 
substrate is made of hard-sized paper commonly used. 
40 A first characteristic feature of the present invention is that the recording medium is comprised of a 
substrate and two or more pigment layers provided thereon, and the layer farthest from the substrate 
(hereinafter "upper layer' 1 ) contains an aluminum oxide as a major pigment. 

The aluminum oxide referred to in the present invention can be produced by a method according to 
what is called the Bayer process, in which aluminum hydroxide obtained by treating bauxite with hot sodium 
45 hydroxide is calcined. Besides this method, it is also possible to use those produced by a method in which 
metal aluminum pellets are subjected to spark discharging in water and then the aluminum hydroxide thus 
obtained is calcined, a method in which aluminum chloride is vaparised at a high temperature and then 
oxidized in a gaseous phase, and a method in which an inorganic aluminum salt (such as alum) is 
decomposed. 

so The crystal structure of the aluminum oxide is known to undergo conversion depending on the 
temperatures at which the heat treatment is carried out, as from aluminum hydroxide of gibbsite type or 
Boehmite type to aluminum oxide of r-form, o-form, n-form t G-form or a-form. Of course, it is possible in the 
present invention to use those produced by any of these methods and having any of these crystal 
structures. 

55 The purity of the aluminum oxide varies depending on its production method and the degree of refining. 
Those which can be used in the present invention may not be limited to those usually called high-purity 
alumina, containing 99.99 % of AhOz, and those containing 80 to 90 % of AI2O3 can also be enough. 

The aluminum oxide used in the present invention should preferably have a specific surface area 
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"^rr^ with a 

images are L to oxidaTn Scl^^ of record 

a recording medium, the dye may be readily oxidiLT™ m k 7 V6 ' S frapped on the surfat » of 

specific surface area is used, the oxfda«on ma^l J" ParUCUlar ' When 3 pi9ment with a ,ar 9 a 

this reason, it is particularly pr^T^TfiST^ ^ * bfin9 ab ° Ut indoor co,or cha "9^ For 
surface area of from 90 X to Tro X M the UPper ,a * er th ° se ha ™9 a specific 

- ™re preferab.y not more .an . , m ^ X^^^JZr^Z^ Z 

oxide as a major pigment. Namely the oTment o r n n "T^" " * eSS6ntial t0 use the a,u ™""™ 
aluminum oxide musi 'be not mor ^"J^^^lLTronT^ * ^ the 

In other words, the aluminum oxide in the upper ZT^ZL^i ^T* * UPP6r 

% by weight based on all pigments contain^ t thl contained in an amount of not less than 50 

*»™~^^^^ — - • ■* 

upper layer as a major pigment the aluminum oxide contained in the 

c°™^^ that the aluminum oxide 

60 m*/g and not less than 10 ^T^J^J^J^jT 9 ° and preferab| y not •"«• than 
layer is more than 90 m^/g. the lower layer Scls T»«l T „ ? Um ' nUm ° X ' de COntained in the ,ow ^ 
inhibition of indoor color changes * ,he Wh °' e pidment ,a ^ er t0 weak ^ the effect of 

«*£ ^^^T^S^ZSZ T in T binaaon - in addition to the above 

oxide as a major pigment. Name ^the pigment or £T t ^T" " to eSSent '' a ' t0 use the alumini - 
aluminum oxide must be not more than 50 T^niS^onl?^ C ° mbinati ° n With the 

in other words, the aluminum oxide in the lower layer must ht ™n ? T*" 8 COntained in the ' 0wer ,a ^ r - 
% by weight based on all pigments contained Z ZL\ contained ,n an amount of not less than 50 
not less than 60 % bv weFoht n ™° W ! r ,ayer : and should P"*raWy be in an amount of 
contained in an amount of not lessThan 8 T Z ll 0r Chan96S - M ° re f***ably. it should be 

should preferably have an w^pi^^^ °l *" P '' 9ment(S> in the ,ower ^ 

and more preferably not more than S^in^5S?i^ 20 " m and not ,ess than 0-005 „m. 

of printed dots. " m ' n ° rd6r to ,mprove smoothness of coat surfaces and roundness 

magnesium silicate, magnesium carbonate 1^ * 35 Caldum carbonata - ^'cium silicate. 

rt.mertofQ^A^^Sin^.f^TaSD?^ " in ° raanic 
than 150 m*/g is used and also the aluminum oxfde conteZ in tt 9 * SP , eC ' f ' C " ,r ** area ° f n0t more 
specific surface area of from 90 m^/g to 170 m^g ed the " PPer ,ayer as a ma i° r P'Qment has a 

*^£^*p^'j£f A rs7ec1c th s at rf SinCe ^ 3,UminUm ^ h3S 3 
* ari M a 3ng f the 'g 0 /? 3 ™ 0 p ' 9 ent of Group A whei^ if ^conta^ned'iri thrower 3 layer COntr °'' ed * * S ™"" 

is particulariy preferred. These in^S^Z^!^ ^ pr f ^ and a basic magnesium carbonate 

When the inorganic pigment JS^SaT^^T-^ °' Combination - 
150 ma /g must be used) ™ SThXTjS? ^2 LTof 00^ ^ ° f T m ° re than ~- 

of r~ ?«jsr - s~^ = ^- — — 

uoiajn me effect of the present invention it is essential to use the 
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above inorganic pigment of Group A as a major pigment Namely, the pigment or pigments additionally 
used in combination with the inorganic pigment of Group A must be not more than 50 % by weight based 
on all pigments contained in the lower layer. In other words, the inorganic pigment of Group A must be 
contained in an amount of not less than 50 % by weight based on all pigments contained in the lower layer, 
5 and should preferably be in an amount of not less than 60 % by weight in view of inhibition of indoor color 
changes. More preferably, it should be contained in an amount of not less than 80 % by weight. Particles of 
the pigment(s) in the lower layer should preferably have an average particle diameter of not more than 20 
^m and not less than 0.005 ^m, and more preferably not more than 10 ^m in order to improve smoothness 
of coat surfaces and roundness of printed dots. 

70 The pigment layer of the recording medium obtained by the present invention is comprised of, in 
addition to the pigments described above, a binder and other additives. 

As the binder used in the present invention, binders of the same kind may be used in the whole upper 
layer and lower layer, or those of different kind may be used. 

Examples of the binder are conventionally known water-soluble polymers such as polyvinyl alcohol, 

75 starch, oxidized starch, cationized starch, casein, carboxymethyl cellulose, gelatin, hydroxyethyl cellulose 
and acrylic resins, and water-dispersed polymers such as SBR latex and a polyvinyl acetate emulsion, 
which may be used alone or in combination of two or more kinds. 

In the present invention, the pigment(s) and the binder may preferably be used in a proportion of the 
pigment to the binder, ranging from 10/1 to 1/4, and more preferably from 6/1 to 1/2. This applied to both 

20 the upper layer and the lower layer. Use of the binder in a proportion larger than 1/4 results in a lowering of 
the ink absorption properties. On the other hand, use of the pigment in a proportion larger than 10/1 may 
make adhesion poor to cause the problem of dusting. Thus these are undesirable. 

In the present invention, the pigment layer may optionally be further incorporated with additives such as 
a dye fixing agent (an anti-hydration agent), a fluorescent brightener, a surface active agent, an anti-foaming 

25 agent a pH adjuster, a mildewproofing agent, an ultraviolet absorbent, an antioxidant and a dispersant. 
These may be added to both the upper layer and the lower layer, or may be added to any one of them. 
These additives may be arbitrarily selected according to the purpose. 

In the recording medium of the present invention, obtained under the constitution as described above, 
the dried coating weight in the upper layer may preferably be in the range of from 1 g/m 2 to 10 g/m 2 , and 

30 more preferably from 3 g/m 2 to 7 g/m 2 . A dried coating weight less than 1 g/m 2 may give little effect for the 
upper layer provided. On the other hand, a dried coating weight of more than 10 g/m 2 results in cover-up of 
the lower layer with the upper layer to make the inhibition of indoor color changes less effective, which is 
attributable to the feature that the pigment with a smaller specific surface area is used in the lower layer. 
The dried coating weight in the lower layer may preferably be in the range of from 1 g/m 2 to 29 g/m 2 , and 

35 more preferably from 5 g/m 2 to 20 g/m 2 . 

As for the total coating weight, it may be changed depending on the ink absorption power of the 
pigments, the ink absorption power of the substrate and the ink absorption properties as desired in the 
recording medium. In view of the problem of dusting and the problem of cost, the total coating weight 
should be controlled to be not more than 30 g/m 2 . 

40 In preparing the recording medium of the present invention, coating solutions for the lower layer and 
upper layer, containing the components as previously described, are applied to the surface of the substrate 
by a known method as exemplified by roll coating, blade coating, air-knife coating, gate roll coating, or size 
press coating. When a water-based coating solution comprised of the pigment(s) and a binder is applied to 
the substrate, the coating formed may thereafter be dried using a conventionally known drying method 

45 using, for example, a hot-air drying oven or a heated drum. Thus the recording medium of the present 
invention can be obtained. 

In order to smooth the surface of the pigment layer or ink-receiving layer, or to increase the surface 
strength of the ink-receiving layer, the recording medium may further be super-calendered in its manufac- 
turing steps. 

so Images may be formed on the recording medium of the present invention, obtained in the manner as 
described above, by ink-jet recording using water-based multicolor inks, e.g., yellow (Y), magenta (M), cyan 
(C) and black (B), so that the resulting images can have a sufficiently high density and also show superior 
storage stability without causing indoor color changes. 

As the ink itself that is used in carrying out recording on the recording medium of the present invention 

55 as described above, any known inks can be used. For example, as recording agents therefor, it is possible 
to use water-soluble dyes as typified by direct dyes, acid dyes, basic dyes, reactive dyes and food dyes, 
which are suitable particularly for inks used in ink-jet recording. The following are examples of those 
preferred as dyes capable of providing images that can satisfy fixing performance, color-forming perfor- 
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C.I. Direct Blue 6, 22. 25, 71, 86, 90, 106. 199- 
5 C.I. Direct Red 1, 4, 17. 28, 83; 

C.I. Direct Yellow 12, 24, 26, 86. 98, 142; 

C.I. Direct Orange 34. 39, 44, 46, 60; 

CI. Direct Violet 47, 48; 

C.I. Direct Brown 109; and 
io C.I. Direct Green 59 



rs C.I. Acid Orange 7, 19; and 

CI. Acid Violet 49. 

Also usable are C.l. Basic Black 2; 

C.I. Basic Blue 1, 3, 5, 7, 9. 24, 25, 26, 28 29- 

C.l. Basic Red 1. 2. 9, 12. 13, 14, 37- 
20 C.l. Basic Violet 7, 14. 27; and 

C.l. Basic Black 1, 2. 
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soluble organic solvent, containing as the ^£1*1™ , M S °' Vent ° f water and a water " 
effeot of preventing the ink from Im^^^^^^Jt P °' yhydriC a ' C ° ho1 havin 9 *• 
water containing various ions but to use deionized * ^ l ° US@ c ° m ™'y mailable 

5 % by weight to 50 \ byleig'hfbied ^ll^X .ill * ^ ^ f ™ 

more ZZZZStZSTJ T * % * * 98 % » -ight. and 

In addition to the components describee abovTth e k °? ,he t0ta ' Weight of the ink " 
agent, a viscosity modifier, a surface tension modifier and so "irrrh optiona " y contain a surface active 

bJXtts ass. ^rr^^-^s,^- - c °™ 

so Example 1 

tnic^T^ ^Jl«~* h - — -ght of SO g /m2 and a 

dried coating weight of 13 g/m* W^l^^^rc^J? ^^oating in an amount giving a 
55 lower layer, the following coating solution (1-bT was aooL h^ K ' t0 ^ 3 '° Wer layer: 0n thi * 

coating weight of 5 g/m* followed bv dLg 2 °° a ^ in an «"»unt giving a dried 

flowed by super-caiendering to give a rec^ m^™^ 1 ^SoT " ^ 
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(Coating solution 1-a): 

Basic magnesium carbonate (available from Konoshiraa 

Kagaku K.K.; trade name: KINSEI ; specific surface 
2 

area: 30 m /g; average particle diameter: 6 urn) 

15 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-117; degree of saponification: 98.5%; 
degree of polymerization; 1,700) 2.5 parts 

Polyvinyl alcohol (available from Kuraray Co. , Ltd; 
trade name: PVA-105; degree of saponification: 98. 5%; 
degree of polymerization: 500) 2.5 parts 

Water 80 parts 



(Coating solution 1-b) 

r-Alumina (available from Sumitomo Chemical Co., Ltd.; 
trade name: AKP-G; specific surface area; 140 m2/g; 
average particle diameter: 0.5 urn) 12 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-117) 2 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-105) 2 parts 

Polyallylamine hydrochloride (available from Nit to 
Boseki Co., Ltd.; trade name: PAA-HC1-10L; 
average molecular weight: 100,000) l part 

so water 83 parts 



Example 2 

A recording medium according to the present invention was prepared in entirely the same manner as in 
Example 1 except that the coating solution for the upper layer was replaced with the following coating 
solution (2-b). 
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(Coating solution 2-b) 

r-Alumina (available from Sumitomo Chemical Co., Ltd.; 
trade name: AKP-G) 

8 parts 

Basic magnesium carbonate (available from Konoshima 
Kagaku K.K.; trade name: KINSEI) 4 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-117) 

2 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 

trade name: PVA-105) 

2 parts 

Polyallylamine hydrochloride (available from Nitto 
Boseki Co., Ltd.; trade name: PAA-HCl-lOL) i part 
Water 

25 83 parts 

Example 3 

30 thicknesToM^ FZlS * ^ ° f 45 SeCOnds ' a basis ^ of 80 g/m^ and a 

lower layer, the following coating solul (3-b "as ^appL bv barTaSfn " * ^ ° n th ' S 
coating weight of 7 g/m* followed by drying at 110*2 for 3 ZnZL 9 *" ^ * dried 

as fol.owed by super-calendering to gJa ^Z^^Z^ *« ™~ 

(Coating solution 3-a): 
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Alumina (available from Sumitomo Chemical Co., Ltd.; 

trade name: AKP-HP; specific surface area: 12 m 2 /g ; 

average particle diameter: 0.2 um) 12 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 

trade name: PVA-117; degree of saponification: 98.5 %■ 

degree of polymerization: 1,700) r> 

' <■ parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-105; degree of saponif i cation^ 98 . 5 * ; 
degree of polymerization: 500) 2 parts 

Water 

84 parts 
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(Coating solution 3-b): 

r-Alumina (available from Showa Denko K.K.; trade 

2 

name: UA-5605; specific surface area: 60 m /g; average 
particle diameter: 0.05 \xm) 12 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-117) 2 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-105) 2 parts 

Polyallylamine hydrochloride (available from Nitto 
Boseki Co., Ltd.; trade name: PAA • HC1-3L ; average 



molecular weight: 10,000) 1 part 

Water 83 parts 



30 Example 4 

A recording medium according to the present invention was prepared in entirely the same manner as in 
Example 3 except that the coating solution (3-b) was replaced with the following coating solution (4-b). 

35 (Coating solution 4-b) 
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Alumina (available from Degussa Japan Co., Ltd.; trade 
name: Aluminium Oxide-C; specific surface area: 100 
m /g; average particle diameter: 0.02 um) 

10 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-117) 

2 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-105) 

1 . 5 parts 

Polyallylamine hydrochloride (available from Nitto 
Boseki Co., Ltd.; trade name: FAA-HCl-SL; average 

molecular weight: 10,000) 

' 1 part 

Water 

25 85 parts 

Examples 5 to 7 

(Coating solution 5-a) 
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Alumina (available from Showa Denko K.K.; trade name: 
UA-5605) 

12 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 

trade name: PVA-117) 

' 2 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-105) 

2 parts 

Water 

84 parts 



50 



^S75%?Xl TZ 3 , ZZT' T ? ,espec,lvely usi " 9 — * 

55 - Example 5 - 

(Coating solution 5-b) 
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Alumina (available from Degussa Japan Co., Ltd.; trade 
name: Aluminium Oxide-C) 10 parts 

Polyvinyl alcohol (available from Kuraray Co. , Ltd; 
trade name: PVA-117) 2 parts 

Polyvinyl alcohol (available from Kuraray Co . , Ltd; 
trade name: PVA-105) 1-5 parts 

Polyallylamine hydrochloride (available from Nit to 
is Boseki Co. , Ltd. ; trade name: PAA • HC1— 3L ) 1 part 

Water 85 parts 
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- Example 6 - 
(Coating solution 6-b) 



Alumina (available from Degussa Japan Co., Ltd.; trade 
name: Aluminium Oxide-C) 7.5 parts 

30 Basic magnesium carbonate (available from Ube Chemical 

Industries Co., Ltd..; trade name: S-Type; specific 



2 

surface area: 15 m /g; average particle diameter: 13 



Pro) -2.5 parts 

Polyvinyl alcohol (available from Kuraray Co. , Ltd; 
tra^c .name: PVA-117) 2 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-105) 1.5 parts 

Polyallylamine hydrochloride (available from Nitto 

Boseki Co., Ltd. ; trade name: PAA-HC1-3L) 1 part 

so Water 85 parts 



- Example 7 - 
(Coating solution 7-b) 
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10 



15 



20 



25 



30 



A lu „ina (avaHable fron , Degussa Japan Co _ ^ ^ 

name: Aluminium Oxide-C) 

5 . 5 parts 

Basic magnesium carbonate (available from Ube Chemical 
industries Co., Ltd..; trade name: s _ Type . 

surface area: 15 m 2 /g ; average particle diameter: „ 
Um) 

4-5 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 

trade name: PVA-117) 

2 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-105) 

1-5 parts 

Polyallylamine hydrochloride (available from Nitto 

Boseki Co., Ltd.; trade name: PAA-HCl-SL) i par t 

Water 

85 parts 



Example 8 



ss bJ£TS^"^^ 'n en tirely the same manner as in 

forming the lower layer and a coatinq sdutfon ^h? Z^l , P J W3S US6d 38 the coatin 9 so,ution f ™ 
coating solution for forming the uppeNaye! ' ^ the f °"° win9 manner was «** ■» »• 



(Coating solution 8-b) 

40 



45 



50 



55 
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70 



15 



Alumina (available from Degussa Japan Co- , Ltd. ; trade 
name: Aluminium Oxide-C) 10 parts 

Polyvinyl alcohol (available from Kuraray Co- , Ltd; 
trade name: PVA-117) 2 parts 

Polyvinyl alcohol (available from Kuraray Co . , Ltd; 
trade name: PVA-105) 1.5 parts 

Polyallylamine hydrochloride (available from Nit to 
Boseki Co., Ltd.; trade name: PAA-HC1-3L) 1 part 

Water 85 parts 



20 



35 



Example 9 

A recording medium according to the present invention was prepared in entirely the same manner as in 
25 Example 1 except that the same coating solution (1-b) as in Example 1 was used as the coating solution for 
forming the upper layer and a coating solution (9-a) composed in the following manner was used as the 
coating solution for forming the lower layer. 

(Coating solution 9-a) 

30 

Basic magnesium carbonate (available from Ube Chemical 
Industries Co., Ltd..; trade name: S-Type) 15 parts 
Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-117) 2.5 parts 

Polyvinyl alcohol (available from Kuraray Co. , Ltd; 
trade name: PVA-105) 2.5 parts 

Water 85 parts 

45 

Example 10 

A recording medium according to the present invention was prepared in entirely the same manner as in 
so Example 9 except that the coating solution (9-a) used therein was replaced with a coating solution (10-a) 
composed in the following manner. 

(Coating solution 10-a) 

55 



40 
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Calcium silicate (available from Tokuyama Soda Co., 

Ltd..; trade name: Florite R; specific surface area- 

5 2 

110 m /g; average particle diameter: 20 ]im) 12 parts 
Polyvinyl alcohol (available from Kuraray Co., Ltd; 

w trade name: PVA-117) 

' 2 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 

trade name: PVA-105) 
is 2 parts 

Water 

84 parts 

20 Comparative Example 1 
(Coating solution 11 -a) 



30 



35 



40 



45 



SO 



Synthetic silica (available from Mizusawa Industrial 
Chemicals, Ltd.; trade name: Mizukasil P-527;) 

12 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 

trade name: PVA-117) o 

' 2 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 

trade name: PVA-105) ~ 

' 2 parts 

Polyallylamine hydrochloride (available from Nitto 
Boseki Co., Ltd.; trade name: PAA-HC1-10L) 1 part 
Water 

83 parts 

Comparative Example 2 



Comparative Example 3 
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To the same substrate as used in Example 1, the following coating solution (13-a) was applied by bar 
coating in an amount giving a dried coating weight of 20 g/m 2 followed by drying at 110* C for 5 minutes, 
and further followed by super-calendering to give a recording medium of a comparative example. 

(Coating solution 13-a) 

Basic magnesium carbonate (available from Konoshima 
Kagaku K . K . ; trade name: KINSEI) 12 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-117) 2 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-105) 2 parts 

Polyallylamine hydrochloride (available from Nit to 
Boseki Co., Ltd.; trade name: PAA-HC1-10L) 1 part 

Water 83 parts 



Comparative Example 4 

A recording medium of a comparative example was prepared in entirely the same manner as in 
Example 1 except that the coating solution for the lower layer was replaced with the following coating 
solution (15-a). 

(Coating solution 15-a) 

Synthetic silica (available from Fuji-Davison Chemical 

Ltd.; trade name: Syloid 620; specific surface area: 
2 

300 m /g; average particle diameter: 12 pm) 15 parts 
Polyvinyl alcohol (available from Kuraray Co. , Ltd; 



trade name: PVA-117) 2.5 parts 
Polyvinyl alcohol (available from Kuraray Co. , Ltd; 

trade name: PVA-105) 2.5 parts 

Water 80 parts 

Comparative Example 5 

A recording medium of a comparative example was prepared in entirely the same manner as in 

15 



10 



75 



20 



25 
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,h3t ^ C ° at,n9 ^ '° Wer ,3yer W3S ^ lowing coating 

(Coating solution 16-a) 

synthetic silica (available fro. Fuji-Davison Cheaical 

Ltd.; trade name: Syloid 620) 

' 10 parts 

Basic magnesium carbonate (available from Konoshima 

Kagaku K.K. ; trade name: KINSEI) 

' 5 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-117) 

2.5 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd; 
trade name: PVA-105) 

2.5 parts 

Water 

80 parts 



Comparative Example 6 
(Coating solution 17-a) 

35 

Synthetic sUica (available f ro » Mi*„sa„a Xndustrial 
Chemicals, Ltd.; trade „a„e: Mizukasil P-527; specific 
—face area.- 55 «» /<t! average p, rt i=le dia-ater: , , 

Um) 

15 parts 

Polyvinyl alcohol (available from Kuraray Co., Ltd- 
trade name: PVA- 117; degree of saponif ication: ^ ^ 

degree of polymerization: 1,700) 

' 2.5 parts 

Polyvinyl alcohol (available fro. Kuraray Co.. Ltd- 
-.. trade na»e: pva- 105; de gr ee of saponification, 96.5 * ; _ 

55 degree of polymerization: 500) 

2,5 parts 

Water 

80 parts 



40 



45 



50 
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(Coating solution 17-b) 



10 



15 



20 



25 



Synthetic silica (available from Tokuyama Soda Co. , 
Ltd..; trade name: Finesil K-41) 8 parts 

r-Alumina (available from Sumitomo Chemical Co., Ltd.; 
trade name: AKP-G) 4 parts 

Polyvinyl alcohol (available from Kuraray Co . , Ltd; 
trade name: PVA-117) 2 parts 

Polyvinyl alcohol (available from Kuraray Co. , Ltd; 
trade name: PVA-105) 2 parts 

Polyallylamine hydrochloride (available from Nitto 
Boseki Co., Ltd.; trade name: PAA-HC1-10L) 1 part 

Water 83 parts 



ink-jet recording suitability of the above recording mediums was evaluated by carrying out ink-jet 
recording using an ink-jet printer having ink-jet heads corresponding to 4 colors of Y (yellow), M (magenta), 
30 C (cyan) and Bk (black), provided with 128 nozzles at intervals of 16 nozzles per 1 mm and capable of 
ejecting ink droplets by the action of heat energy, and using inks with the following composition. 



Ink composition 



35 



40 



Dye 5 parts 

Diethylene glycol 20 parts 

Water 78 parts 



Dye 



Y: C.I. Direct Yellow 86 
*s M: C.I. Acid Red 35 

C: C.I. Direct Blue 199 
Bk: C.I. Food Black 2 

50 

Evaluation was made on the following three items. 
55 (1) Image density: 

Solid printing was carried out using the above ink-jet printer, and the optical density (OD) of black (Bk) 
of the print was evaluated with a Macbeth reflection densitometer RD-918. 
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(2) Chroma of images: 



70 



75 



20 



25 



30 



Kenkyusho). ° r ana, V zer c A-35 (manufactured by Murakami Shikisai 

(3) Indoor color changes: 

evaluation of indoor color changes. 0Ds e™*l on C.I. Food Black 2 was used as a basis for the 

The test was carried out under conditions as follows- 

£ ™ — V 0~ 2 -0 and 60 ± 3 , R „. Test 
the vol,,!,, components |„ i n Tcan ^t^ST™""' " 9r ^ussdso.ha, 
MaortM in 18SI pieces o m bo Lp, »n"w COmP " ,te ' > ' "-M*- «" also the oosnKos of ««. 

TOn^e' iSnlr e,<P0 " a M "» 2 h ™" S » «» «*< *"«»» * condone c, ,i, and 

How determine measurement s: 

—» ^Tap o, C. R*,d B,ac k a. Res* °, £ 1,^,^'^ ^ * 



35 



40 



45 



50 



55 
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Table 1 



s 




0D 


Chroma 


Ozone color change 






(Bk) 


(Red) 


AE* (Bk) 


JO 


Example : 
1 


1.41 


75 


3.2 




2 


1.39 


75 


2.1 


75 


3 


1.35 


71 


4.0 




4 


1.43 


75 


5.2 




5 


1.45 


76 


6.0 


20 


6 


1 .42 


74 


4.7 




7 


1.38 


72 


3.5 


25 


8 


1.41 


74 


2.5 




9 


1.38 


74 


2.8 




10 


1.39 


73 


5.5 


30 


Compar a t i ve 


Example: 








1 


1.26 


64 


3.3 


35 


2 


1. 35 


74 


12.4 




3 


1.28 


. 64 


1.4 




4 


1.40 


75 


13.6 


40 


5 


1.3S 


75 


11.4 




6 


1.42 


76 


21.4 



45 



As shown in the above, the recording mediums according to the present invention were confirmed to 
have achieved a high image density, a high chroma at the part into which multicolor inks were simulta- 
neously shot, and also a satisfactory inhibition of indoor color changes, 
so In particular, a great effect was seen in the inhibition of color changes when the basic magnesium 
carbonate was used as a pigment in the lower layer. It was also possible to obtain a sufficient image density 
because of the greater proportion of the aluminum oxide used in the upper layer. 

On the other hand, the recording mediums of comparative examples were unsatisfactory in any of 
image density, chroma of multicolor inks and inhibition of indoor color changes. 
55 As having been described above, the present invention provides an ink-jet recording medium having 
settled the subject that the image density must be kept at a sufficiently high level and at the same time the 
indoor color changes must be inhibited, and also can retain a high chroma at the multicolor ink area. 

An ink-jet recording medium comprises a substrate and a pigment layer. The pigment layer comprises 
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aluminum oxide having a specific surfTc/aL lT„ 9 ' I ° wer , ,ayer con ^ns as a major pigment an 
inorganic pigment selected^ a «S^TrtSTof^L™ T* ^ ^ UPP6r ^ an 
silicate of aluminum and hydrotalcite hav^n 7J2 ? f * 3 carbonate or silicate of magnesium, a 
cesium caroonate h aving ^2^°!^ *" 15 ° "** <" * <~* 



Claims 

70 1. 



15 2. 



20 3 



?5 



45 



SO 



oxide and ii, , Ler iJToSS^L . ll™ n ' , aM " m ^ » a m *>' Pto™* an aluminum 
surface -« man „ ai'LIS ",„VXr IST " *"""<> ' ™»" 

said upper layer. y WB, 9 nT OT a " pigments contained in 

30 6. An ink-jet recording medium according to Claim 1 wherein said .= 

weight of from 1 g/m* to 10 g/m*. wnerem said upper layer is provided in a coating 

said lo»er Bye,. "™ l,ss man 60 % »y "l*t ol all pigments 

contained in 

* * wal^r^S™'" 9 *° C '* ln, , * 9 '* ln " . — * 

,0 - iSJSiiiT^^^^ :■*•» ^ a ? ,9me "' ,ayer - - «*— . 

Oxide having irtte irtaS »I rLei^ 2£ J ? I T*™"" 3 ," S ' ^ «8™"< a " »"™™ 
as a major pigment n toroa^cT^^ 9 ., ? 170 m ,g M »> a '<"•« H« containing 

selected t™ZZ2™£Z 7™"" hi "" n » a spea,te surf *=° "~ « not more than ,50 m% 

and U4S? Mto " " MC "" n - ' Ca *°° ate » -*« °< » silica,, o, almlnum 

"' --^at^^^ in s ,d 
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in said upper layer. 

14. An ink-jet recording medium according to Claim 10, wherein said upper layer is provided in a coating 
weight of from 1 g/m 2 to 10 g/m 2 . 

5 

15. An ink-jet recording medium according to Claim 10, wherein said inorganic pigment contained in said 
lower layer as a major pigment has an average particle diameter of not more than 20 ^m. 

16. An ink-jet recording medium according to Claim 10, wherein said inorganic pigment contained in said 
io lower layer as a major pigment is in an amount not less than 60 % by weight of all pigments contained 

in said lower layer. 

17. An ink-jet recording medium according to Claim 10. wherein said lower layer is provided in a coating 
weight of from 1 g/m 2 to 29 g/m 2 . 

15 

18. An ink-jet recording medium comprising a substrate and a pigment layer provided on the substrate, 
wherein said pigment layer comprises i) an upper layer containing as a major pigment an aluminum 
oxide having a specific surface area ranging from 90 m 2 /g to 170 m 2 /g and ii) a lower layer containing 
as a major pigment a basic magnesium carbonate having a specific surface area of not more than 150 

20 m 2 /g. 

19. An ink-jet recording medium according to Claim 18, wherein the basic magnesium carbonate contained 
in said lower layer as a major pigment has a specific surface area of not more than 100 m 2 /g. 

25 20. An ink-jet recording medium according to Claim 18, wherein the aluminum oxide contained in said 
upper layer has an average particle diameter of not more than 70 /xm. 

21. An ink-jet recording medium according to Claim 18, wherein the aluminum oxide contained in said 
upper layer as a major pigment is in an amount not less than 50 % by weight of all pigments contained 

30 in said upper layer. 

22. An ink-jet recording medium according to Claim 18, wherein said upper layer is provided in a coating 
weight of from 1 g/m 2 to 10 g/m 2 . 

35 23. An ink-jet recording medium according to Claim 18, wherein the aluminum oxide contained in said 
lower layer as a major pigment has an average particle diameter of not more than 20 fim. 

24. An ink-jet recording medium according to Claim 18, wherein the inorganic pigment contained in said 
lower layer as a major pigment is in an amount not less than 60 % by weight of all pigments contained 

40 in said lower layer. 

25. An ink-jet recording medium according to Claim 18, wherein said lower layer is provided in a coating 
weight of from 1 g/m 2 to 29 g/m 2 . 

45 26. An ink-jet recording method comprising forming an image by imparting ink droplets to the ink-jet 
recording medium according to any one of Claims 1 to 25. 

27. An ink-jet recording method comprising forming an image by imparting to the ink-jet recording medium 
according to any one of Claims 1 to 25, ink droplets ejected from a nozzle by the action of heat energy. 

50 

28. An ink-jet recording method comprising forming a multi-color image by imparting plural-color ink 
droplets to the ink-jet recording medium according to any one of Claims 1 to 25. 

29. An ink-jet recording method comprising forming a multi-color image by imparting to the ink-jet 
55 recording medium according to any one of Claims 1 to 25, plural-color ink droplets ejected from 

nozzles by the action of heat energy. 
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